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Introduction
Intentionally and unintentionally introduced alien organisms can become invasive and cause economic and ecological impacts (Pimentel et al., 2001; Simberloff et al., 2013) . To prevent or lessen the negative impacts, management strategies are needed that can target species that pose substantial threats. However, many countries have severely limited resources to implement the required biosecurity policies (McGeoch et al., 2010) .
Often the most cost-effective way to manage alien species is to prevent their introduction (Leung et al., 2002; Simberloff, 2006; Simberloff et al., 2013; Wittenberg and Cock, 2005) , but under international agreements (e.g. the World Trade Organisation's Agreement on the Application of Sanitary and Phytosanitary Measures), any restrictions that prevent introductions should not unduly restrict trade (Mumford, 2002; Simberloff, 2006) . Moreover, as only a few alien species have become invasive (Williamson and Fitter, 1996 ) (e.g. <1% of all tree and shrub species (Richardson and Rejmánek, 2011) ), it is not feasible, desirable or necessary to prevent the introduction of all alien species (Mumford, 2002) . Therefore, prevention strategies must focus on those with a demonstrably high potential impact.
To achieve this, pre-border invasive species risk assessments have been developed to evaluate introductions (Daehler et al., 2004; Kumschick and Richardson, 2013; Pheloung et al., 1999) . Risk assessments, however, can be time-consuming, labour intensive and expensive. They are usually not suited for screening numerous species (McClay et al., 2010) , are data intensive , and for some taxa there are no methodologies in place (Kumschick and Richardson, 2013) .
As an example of the time and costs involved, the US National Research Council estimates that assessments for most planned introductions could take several years (Simberloff, 2005) , while in Australia the annual cost of conducting such assessments might be as much as 300 000 Australian dollars (Keller et al., 2007) .
While there may still be a net economic benefit to their implementation (Keller et al., 2007) , such slow evaluations delay trade (Simberloff, 2006) .
Another widely used pro-active approach is to create watch lists that can be used to identify threats that require monitoring. These lists identify species with an invasion history that are absent from the study region but that could pose an invasion risk if introduced intentionally or unintentionally (e.g. 'black list -warning list' of Essl et al. (2011) and 'warn list' of Nehring and Klingenstein (2008) ). Watch list methodologies are often less exhaustive than full pre-border risk assessments, for example the ‗Alert list' of the Belgian Harmonia system is based on only three criteria (the taxon is absent from Belgium, present in neighbouring regions that are eco-climatically similar, and has the potential for a high environmental impact (Branquart, 2007) ).
Watch lists are important tools that can aid in decision making and the development of preventative strategies and contingency plans (Nehring and Klingenstein, 2008; Parrott et al., 2009) , for example, they can be used to direct monitoring and inspection efforts to limit accidental introductions (Bacon et al., 2012) . Additionally, watch lists can serve as a list with which to prioritise post-border assessments and control efforts (Nehring and Klingenstein, 2008; Parrott et al., 2009) .
Unfortunately, the methods and criteria used in developing watch lists are often not transparent and decisions are based solely on expert opinion. Here we aim to develop a transparent, simple, rapid, and inexpensive watch list methodology suitable for resource poor regions that is based on sound scientific principles and that could be used for the initial assessment of a wide range of taxa. We test the methodology using South Africa as a case study. The resultant methodology can be used in any region of the world and at various political levels for the rapid initial assessment of potential future invasive species.
Methodology

Concept and criteria
Our approach relies on three well-tested criteria: history of invasion, environmental suitability and propagule pressure ( Fig. 1 ). To achieve our aim the evaluation criteria had to be applicable to many taxa and only readily available data could be utilised. Consequently, a history of invasion and environmental match were selected, as these criteria are consistent predictors of invasion success across taxa Hulme, 2012; Kolar and Lodge, 2001) , and the data required (invasive species lists, occurrence records and environmental data) are readily available.
Propagule pressure was additionally selected as this criterion is often a key determinant of establishment success Kolar and Lodge, 2001; Lockwood et al., 2005) . The use of these three criteria for the identification of potentially invasive species is well established (e.g. Locke, 2009; Thuiller et al., 2005) and the resultant watch list includes any alien species that has not yet been introduced but that meets all three of these criteria (Fig. 1 ). Finally, as propagule pressure data are not available for most species, we used a readily available proxy (trade and tourism data) for propagule pressure and developed three thresholds for this criterion.
Watch list methodology
The proposed procedure for developing a watch list is set out in Figure 2 : 1) obtain a global list of invasive species; 2) filter out species already present in the target region (native species or alien species already introduced); 3) gather distribution data from the remaining species' native and invasive ranges; 4) use the distribution data to determine whether the target region is environmentally suitable or not; and 5) Figure 2 : The watch list methodology and the number of species classified at each step for South Africa determine if there is propagule pressure from any region where the species occurs to the target region. We demonstrate this approach for South Africa.
Obtain a global list of invasive species
To identify species with a history of invasion, the Global Invasive Species Database (GISD) was accessed online (http://www.issg.org/database/welcome/) and taxonomic information for all listed species was extracted. Information on organism type and environment were additionally obtained from the database and were used to classify each species as either ‗marine' (exclusively inhabits estuarine or marine environments) or ‗terrestrial' (includes freshwater species).
Filter out species present in the target region
Species in the GISD that are already present in South Africa were identified using databases and references (Plants of Southern Africa: an online checklist version 3.0 (Morris and Glen, 1978) ; Wells et al. (1986) ; South African Plant Invaders Atlas 2012 (Henderson, 1998) ; CABI (2013); K. T. Faulkner, unpublished data) as well as a literature search in Google Scholar (using the name of each species and -South Africa‖). Species recorded as present in South Africa were removed from the GISD list, resulting in a list of candidate species (‗candidate list').
Gather distribution data from the native and introduced ranges
For each candidate species, occurrence data from the native and introduced ranges were obtained from the Global Biodiversity Information Facility (GBIF, http://www.gbif.org/). Records with missing or incomplete coordinate data were excluded, and marine and terrestrial data were classified as appropriate. Species without any GBIF records were classified as ‗requiring further study'.
Determine whether the target region is environmentally suitable
The level of complexity required of environmental matching techniques was evaluated using two simple climate matching techniques for terrestrial species and a third, more complex, published technique (Richardson and Thuiller, 2007) .
Additionally, for marine species a classification of the world's oceans was utilised.
Firstly, the Köppen-Geiger climate classification (Kottek et al., 2006) was employed to identify terrestrial locations that have similar climate zones to those present in mainland South Africa. As the Köppen-Geiger classification is relatively coarse, we secondly used a more stringent method based on the bioclimatic envelopes of the biomes found in South Africa (based on the classification of Olson et al. (2001) ).
South African biome data (truncated at South African borders, but including Lesotho) were rasterized at a 10 min x 10 min grid resolution and converted into point data.
The terrestrial areas of the world with climatic conditions similar to each biome present in South Africa were then identified using the climate envelope modelling method BIOCLIM (method equivalent to 'marginal bioclimate'; Carpenter et al. (1993) ). We considered four climatic parameters (mean annual temperature, minimum temperature of the coldest month, maximum temperature of the hottest month and mean annual precipitation) from the WorldClim 10 min x 10 min data (Hijmans et al., 2005) . These general climatic variables were selected so that the watch list methodology can be used for a wide range of taxa. To allow for more inclusive models (fewer omission errors), all predicted areas (percentiles 0 to 100) were included in the final prediction (See Fig. A1 in Appendix A). This analysis was performed in the open-source GIS software DIVA-GIS (version 7.5.0, http://www.diva-gis.org) to ensure that the methodology can be widely used.
The third method used for terrestrial taxa was based on a more complex method developed by Richardson and Thuiller (2007) . Generalized additive models were used to identify regions of the world that are climatically analogous to the South African biomes (based on the Mucina and Rutherford (2006) classification). The usefulness of their approach was confirmed by results that showed that invasive plants in South Africa occur in regions that are climatically similar to the South African biomes. To validate the results of the two simple and rapid climate matching techniques, watch list results from these approaches were compared to the results obtained when the method of Richardson and Thuiller (2007) was utilised.
For marine species, regions of the oceans with similar environments to those surrounding South Africa were identified (Fig. A1 ) using the oceans' ecoregion ‗divisions' (Bailey, 1998) . This classification is based on ocean hydrology (seasonal variation in temperature and salinity of water) and the physical properties that control ocean hydrology. As the divisions did not extend into the continental shelf zones and as the continental shelf can be interpreted as a variation of the related ecoregion (Bailey, 1998, p. 19) , each ecoregion was extended accordingly. This classification was selected as salinity and temperature are good predictors of invasion success in marine species and as these variables have been recommended for use in risk assessments . Additionally, this method is likely to be more rapid than those (e.g. Euclidean distance) used in other assessments developed for marine organisms (e.g. Keller et al., 2011) .
In each case occurrence data for the candidate species were superimposed onto maps of the environmental match results (maptools package (Bivand and Lewin-Koh, 2013) ; R version 2.13.1). Species on the candidate list that do not occur in regions that are environmentally similar to South Africa were classified as a low current invasion risk.
Determine if there is propagule pressure from any region where the species occurs
We next determined which of the candidate species located in climatically suitable regions are present in regions with propagule pressure to South Africa. Import and tourism data for the period 2006 -2011 were obtained from the South African Revenue Service (http://www.sars.gov.za) and Statistics South Africa (http://www.statssa.gov.za), and the percentage contribution of each country to South Africa's mean imports and tourism (2006 -2011) was determined. From the initial analysis it was apparent that countries could be classified, based on natural breaks in the data, into three broad groups: those that contribute >5% to South Africa's total mean imports or tourism (i.e. high risk of propagules being introduced); those that contribute 1 -5% (medium risk); and those that contribute little (<1 but >0%, low risk). To evaluate the impact different thresholds for this criterion would have on the watch list, we then determined which candidate species would be retained on the watch list if 1) only species from high risk regions were included, 2) species from high and/or medium risk regions were included and 3) species from any region with propagule pressure present (i.e. high, medium and low) were included ( Fig. A2 ). If a species occurs in regions with varying risk (e.g. high and low risk regions) the highest level of risk was used. The watch list was therefore determined by superimposing occurrence data for candidate species onto maps of combined environmental match and propagule pressure results (Fig. 3 ). For these analyses maps of the world's political borders (http://wwwn.cdc.gov/epiinfo/, 2013) and exclusive economic zones (Version 7, www.marineregions.org/, 2012) were used.
Methodology evaluation
To evaluate the methodology we re-ran the analysis using alien species listed in GISD but which are already present in South Africa (i.e. species, excluding natives, that were filtered out in step 2 on Fig. 2) as well as alien species that are already present in South Africa but which are not included in the GISD (K.T. Faulkner, unpublished data). We then determined the percentage of invasive species accurately predicted to be invasive (i.e. model sensitivity). We considered species to be invasive if classified as such in an alien species list or if regulated under South
African invasive species legislation (Conservation of Agricultural Resources Act and
National Environmental Management Biodiversity Act). Similarly, we calculated the percentage of non-invasive alien species accurately predicted as non-invasive (i.e. model specificity), where non-invasive species were those that are listed as alien but not invasive, and that are not listed in the regulations.
To determine the degree to which data gaps in the GISD (i.e. species that are invasive but are not listed in the GISD) influenced watch list sensitivity, the sensitivity of the watch list was additionally determined using only South African GISD species which could be confirmed as alien in South Africa using independent records.
To test the applicability of the methodology at a different geographic scale, watch lists of plants were developed for two climatically dissimilar South African provinces:
the Western Cape and Limpopo. Coastal regions of the Western Cape have a Mediterranean-type climate and most rainfall is received in winter (for example, Cape Town in the Western Cape receives ~ 75 -100 mm of rainfall in winter and <25 mm in summer (Kruger, 2007) ), while inland regions are more arid. In contrast, the Limpopo province experiences dry, warm winters and hot summers, during which most rainfall is received (for example, Polokwane in Limpopo receives <25 mm of rainfall in winter and ~ 65 -95 mm in summer (Kruger, 2007) ). As the environmental matching techniques for terrestrial species resulted in similar national watch lists (see results), for this analysis only one environmental matching technique, the Köppen-Geiger climate classification, was used. Additionally, it was assumed that propagule pressure for these provinces was the same as for South Africa as a whole. The provincial watch lists were compared to each other and to the plants on the national watch list developed using the Köppen-Geiger climate classification.
Thus environmental suitability is the only factor to influence differences between these watch lists.
Results
The results at each step in the protocol are summarised in Figure 2 . Of 884 species with a history of invasion listed in the GISD (step 1), 403 are already present in South Africa (step 2). Of the resulting 481 candidate species, occurrence data were available for 419 (87%) (step 3). The 62 species that did not have occurrence data available will require further study (Table A1 ).The four environmental matching techniques (three terrestrial and one marine technique) identified 400 species that occur in regions that are environmentally similar to South Africa. Only 19 species occur in environmentally unsuitable regions and thus currently pose a low invasion risk (step 4). The environmental matching technique utilised had little influence on the number and taxonomic identity of the terrestrial species that occur in regions that are environmentally similar to South Africa (Table 1, A2). All species from regions with a close environmental match to South Africa were also found in regions that have propagule pressure present (step 5). Although larger portions of the globe were identified as low or medium risk than high risk regions (Fig. 3) , few species were found in medium or low risk regions that did not occur in high risk regions ( Table 2, A2). Thus, the propagule pressure thresholds had little influence on the number of species to be included on the watch list (Table 2) . The evaluation of the watch list using a list of alien species present in South Africa showed that watch list sensitivity was low (32 and 40% for terrestrial and marine species, respectively) but specificity was high (91 and 89% for terrestrial and marine species, respectively; Table 3 ). Furthermore, watch list sensitivity and specificity were consistent across the three terrestrial environmental matching techniques (Table 3) . When evaluated using only the GISD listed species that are present in South Africa, watch list sensitivity was high (95 and 88% for terrestrial and marine species, respectively) ( Table 3 ). These results demonstrate that the methodology's low sensitivity could be due to the large number of invasive species that are not recorded in the GISD. (Table A2 ). Of the 183 plant species on the national watch list, only 19 species were not included on the watch list for the Western Cape, while 48 species were not included on the watch list for Limpopo (Table A2) .
Discussion
Preventing the introduction of invasive species is often much less costly than managing them after introduction (Leung et al., 2002; Simberloff, 2006; Simberloff et al., 2013; Wittenberg and Cock, 2005) . Given the importance of trade and the lack of resources dedicated to biosecurity a rapid method is needed to identify species which should not be intentionally or unintentionally introduced and which should be the focus for monitoring programmes. Using a simple five step process we developed an initial watch list of 400 species for South Africa.
The methodology presented here has several advantages. As easily accessible data, open-source software and simple techniques were used, anyone with moderate GIS experience and internet access can implement the procedure. Assessments using this methodology are also extremely rapid. For example, once the required data were obtained and the criteria for assessment were in place over 800 species from a wide variety of taxa were assessed in one day. The rapidity and flexibility of this methodology also means that watch lists can be easily updated and extended, e.g.
to not just include history of invasiveness, but also history of impact elsewhere (Blackburn et al., 2014; Kulhanek et al., 2011) . Finally, the methodology can be used to develop watch lists for implementation at various political levels. The rapidity, simplicity, flexibility and low cost of this methodology make it particularly useful in resource poor regions where biosecurity is urgently needed (McGeoch et al., 2010) .
In creating a rapid, simple generic watch list method there was, of course, a trade-off with accuracy. Consequently, few species with a low invasion potential were included on the watch list (high specificity), but many invasive species were not listed (low sensitivity). We believe, however, that the low sensitivity was largely due to the quality of the data sources used rather than the methodology, and that data gaps in the GISD had a particularly large influence on the methodology's sensitivity. For example, due to geographical and taxonomic biases (McGeoch et al., 2012) , the GISD only includes approximately 15 -20% of any country's known invasive species (Westphal et al., 2008) . Thus, theoretically 80 -85% of the invasive species in South Africa are not listed, and consequently if assessed using a complete and independent list of invasive species, watch list sensitivity will never exceed 15 -20%. Despite this, as the GISD is the most comprehensive invasive species database (McGeoch et al., 2012) it was the best database to serve our purpose. To decrease omission errors the GISD data could be supplemented with data from other databases (e.g. CAB International's Invasive Species Compendium), however, such action may be time consuming. Although data gaps in the GISD are the main source of error, other potential sources of error include geographical and taxonomic biases in the GBIF distribution data (Yesson et al., 2007) , taxonomic uncertainties, and the possible inclusion of unsuitable records during environmental matching (van Wilgen et al., 2009 ). Furthermore, due to the simplicity and coarse scale of the propagule pressure proxy data the likelihood of introduction may be overestimated. The use of finer scale data may have improved the analysis and decreased the number of the species on the watch list, however, it is unlikely that these data will be available for resource poor regions. Additionally, although such coarse propagule pressure proxies do not always correlate with the number of species introduced (e.g. Areal et al., 2008) , trade and tourism data have been used to successfully predict introductions (Tatem et al., 2006; Thuiller et al., 2005) .
The watch list methodology identified hundreds of species as potential future invaders for South Africa. This result was not surprising as the wide range of environments experienced in South Africa (as demonstrated by the environmental matching results) makes the country suitable for organisms from many parts of the globe (Richardson and Thuiller, 2007) . Moreover, South Africa is already severely affected by a large number of invasive species from a wide variety of taxa (MacDonald et al., 1986; Picker and Griffiths, 2011; Richardson et al., 2000) . (McGeoch et al., 2010; Westphal et al., 2008) . However, this inconsistency may also be due to the geographically biased nature of invasion ecology (McGeoch et al., 2010; Pyšek et al., 2008) or again to biases in the GISD and GBIF (McGeoch et al., 2012; Yesson et al., 2007) .
Despite the wide range of climates experienced in South Africa, overlapping national and provincial watch lists of plants demonstrated that for South Africa a national plant watch list is sufficient. For other taxa introduced to South Africa, or for other countries that span multiple biogeographical regions (e.g. Brazil) lists at lower political levels may be preferable. Lists at lower political levels would also enable trade restrictions for native species to be put in place (Simberloff, 2006) . However, legally enacting such lists may be difficult and, as provincial border-control would be required, list enforcement would be labour intensive and expensive.
Watch list methodologies are useful tools, however, species that are not on the watch list should not be viewed as posing no risk and any species that is not listed due to a lack of assessment must be evaluated (Dehnen-Schmutz, 2011; Simberloff, 2006) . For instance, species with no invasion history (Mack, 1996) are not taken into account by the watch list methodology presented here and must still be evaluated using trait based pre-border risk assessments. Finally, species identified as a current low invasion risk should still be viewed with caution and reassessed when new information becomes available, databases are updated or in instances of environmental and propagule pressure change. Such a pro-active approach is additionally recommended as it would facilitate the prompt assessment of species newly identified as invasive elsewhere.
Conclusion
Watch lists are valuable biosecurity tools, but to be useful in resource poor regions the methodologies used for their development must be rapid, inexpensive and flexible. The technique demonstrated here meets the needs of resource poor regions but is also transparent and based on sound scientific principles. To create a rapid and flexible watch list method only simple criteria and techniques could be utilised, and although we show here that these simple techniques can be as effective as more complex ones, there was a trade off with accuracy. Consequently, many potential invasive species were not included on the watch list. We believe that this low sensitivity is not due to the methodology but rather to the quality of the data sources utilised, and that this should serve to highlight the importance of maintaining and updating invasive species databases. Finally, we hope that this methodology will stimulate further discussion and research on developing biosecurity methods for resource poor regions.
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